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Abstract
Behçet’s disease (BD) is a vascular, inflammatory multisystem disorder with neuro-Behçet’s (NBD) diagnosed in a subset of
patients with neurological manifestations. The objective of this review was to determine whether neurocognitive dysfunction is
observed in BD, in which neurocognitive domains, and whether there are differences in rates of dysfunction observed between
BD and NBD groups. Studies of any methodology were included that reported results from standardized neurocognitive
assessment measures in participants with BD or NBD. Twelve group comparison studies met the criteria for inclusion in the
review (totalling 284 BD and 157 NBD participants), as well as 17 case study/series papers (11 BD, 35 NBD). Issues with
blinding, incomplete data reporting and selective reporting bias were found across the group and case study/series papers, as well
as inadequate statistical adjustment for multiple comparisons in the group studies, and the lack of the use of appropriate norms or
adjustment for premorbid ability in the case series/studies papers. These quality issues impacted on the conclusions that could be
drawn from the current literature. Neurocognitive dysfunction was found in NBD compared to health controls (HC) in a higher
proportion of results across studies, than in comparisons between BD and HC groups. The domains in which neurocognitive
attenuation was most often reported were visual spatial ability, working memory and acquired knowledge, withmore than 25% of
these results showing significantly lower functioning in both the BD and NBD groups compared to HC. More than 25% of the
processing speed and long-term memory encoding and retrieval results were also lower for the NBD group, compared to HC.
Group comparisons between NBD and multiple sclerosis participants indicated few significant differences in neurocognitive test
results. The majority of case study/series participants were found to have some degree of attenuated neurocognitive functioning,
as defined by case study/series authors.
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Behçet’s disease (BD) is a vasculitis and multisystem inflam-
matory syndrome (Kalra et al., 2014; Dalvi, Yildirim, &
Yazici, 2012). While there is no definitive single medical in-
vestigation that can be used to confirm the disease (Kronborg,

Mahar, & Kelly, 2014), defined clinical criteria exist to aid
diagnosis (e.g., Davatchi et al., 2014; International Study
Group for Behçet’s Disease, 1990). The most characteristic
features of BD are oral ulcerations, genital ulcerations and
skin lesions, followed by eye lesions and abnormalities in
the vascular and central nervous systems (Davatchi et al.,
2011). BD has a variable regional prevalence, being most
common in Middle Eastern and eastern Mediterranean coun-
tries followed by Asia (Hatemi, Yazici, & Yazici, 2013). The
aetiology remains unclear. A genetic component has been
suggested as well as potential environmental or biological
triggers (Dalvi et al., 2012; Ideguchi et al., 2010; Remmers
et al., 2010). A variety of pharmacotherapies are presently
used to treat the symptoms of the disease, including cortico-
steroids, anti-inflammatory agents, mercaptopurine derivates,
calcineurin inhibitors, and tumour necrosis factor (TNF)-
blocking agents, and treatment guidelines are now available
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(Alibaz-Oner, Sawalha, & Direskeneli, 2018; Kikuchi et al.,
2017; Ozguler & Hatemi, 2016; Türsen & Türsen, 2014).

Central nervous system (CNS) involvement occurs in BD,
although rates vary between 2.3 and 44% of cases across studies
(Davatchi, Shahram, Chams-davatchi, Shams, Nadji, Akhlaghi,
et al., 2010; Davatchi, 2012; Tursen, Gurler, & Boyvat, 2006;
Bang et al., 2001; Madanat, Fayyad, Verity, & Zureikat, 2000;
Valesini, Pezzi, Catarinelli, Accorinti, & Priori, 1991; Al-Dalaan
et al., 1994; Domingos et al., 2015). Differences in the criteria
and screening/assessment methods used to detect neurological
and CNS abnormalities, as well as regional variations are likely
to contribute to this variation. Patients with neurological involve-
ment are categorised with the sub-syndrome of neuro-Behçet’s
disease (NBD). Once a recognised set of criteria for BD are met,
NBD is diagnosed if there is are co-occurring neurological ab-
normalities believed to be caused by the BD (Kalra et al., 2014;
Siva & Saip, 2009). This can include a range of sequelae such as
parenchymal features (brainstem or multifocal lesions, myelop-
athy, cerebral abnormalities, or optic neuropathy) and non-
parenchymal features (cerebral venous thrombosis, intracranial
hypertension syndrome, or acute meningeal syndrome), with
parenchymal presentations more common. Headache is also of-
ten reported in BD and has been found to occur with or without
documented neurological abnormalities (Farahangiz, Sarhadi,
Safari, & Borhani-Haghighi, 2012; Kale, Agaoglu, Icen,
Yazici, & Tanik, 2008). Differing syndromes within the NBD
cohort have been previously separated into three categories: pa-
tients with increased intracranial pressure (with or without cere-
bral venous sinus thrombosis), patients presenting with a stroke,
and patients presenting with spinal cord involvement and CSF
pleocytosis. Brainstem involvement has been noted to be inde-
pendent of group (Shakir, Sulaiman, Kahn, & Rudwan, 1990).
NBD can bemonophasic, polyphasic or progressive in its course
(Farahangiz et al., 2012; Haghighi, Sarhadi, & Farahangiz,
2011).

Neuroimaging studies have indicated that the most fre-
quently affected brain regions in NBD are the superficial
and periventricular white matter, the midbrain, and pons
(Farahangiz et al., 2012), while in non-parenchymal NBD
cerebral venous sinus thrombosis is most commonly observed
(Farahangiz et al., 2012). NBD has also been shown to signif-
icantly impact on quality of life, with a longitudinal study
finding that 46% of participants with NBD had at least a mod-
erate level of functional disability based on the modified
Rankin Scale (Noel et al., 2014) with neurological, physical,
and psychological sequelae contributing to the experienced
disability (Borson, 1982; Matsui et al., 2010; Noel et al.,
2014; Özdemir, Özsoylar, Candansayar, Coşar, & Önder,
2004; Uǧuz, Dursun, Kaya, & Cilli, 2007).

Neurocognitive functions, including, attention, information
processing, memory, language, visual-perceptual processing,
reasoning, impulse control, planning and organisation are a
group of skills that are localised within the brain, and can be

affected by acquired neurological damage. Several recent nar-
rative reviews have suggested that neurocognitive deficits in
BD/NBD primarily occur in the areas of attention, working
memory, delayed recall/retrieval, and executive functioning
(Fisher, Sewell, & Baker, 2016; Kidd, 2017). Past research
has also revealed that attenuated functioning can be seen in
the absence of neurological manifestations (Erberk-Ozen,
Birol, Boratav, & Kocak, 2006; Monastero et al., 2004;
Zayed et al., 2011). However, a thorough review of the total
literature has yet to be conducted, and it remains unclear if
there are differences in the neurocognitive profiles of BD
compared to NBD patients. The purpose of this review was
to systematically examine the literature to determine what is
known about neurocognitive dysfunction in BD and NBD.
This included examining the rates, nature, severity and course
of neurocognitive impairment in people with BD and NBD.
Given the unknown size of the study pool prior to conducting
the search, studies of all methodologies were included (i.e.,
group comparisons, group characterisations, case series, and
case studies), provided they reported on the results of stan-
dardized measures of neurocognitive functioning.

Method

The systematic review was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Liberati et al., 2009;
Moher, Liberati, Tetzlaff, & Altman, 2009) and adapted for
neuropsychological research (Gates & March, 2016). A re-
view protocol was registered on the International
Prospective Register of Systematic Reviews (PROSPERO
ID: CRD42017072840) on the 24th of July 2017. Included
in the review was any study that investigated neurocognitive
functioning in individuals diagnosed with BD or NBD.
Neuropsychological investigation was defined as any stan-
dardized measure of neurocognitive functioning, including
brief screening assessments, specific neurocognitive tests,
and large neuropsychological assessment batteries.
Standardised self and informant report measures of cognitive
functioning were also included. Studies with any methodolo-
gy were included, encompassing group comparison studies
with healthy controls, group studies comparing two or more
clinical groups, group categorization studies, longitudinal co-
hort follow-up studies, case series and case studies.

All of the following criteria were required for inclusion in
the review:

1) Original data pertaining to human patient(s) with Behçet’s
disease (using any criteria for diagnosis)

2) Any study methodology reporting empirical data (origi-
nating in or based on observation or experience)
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3) Reporting of results on standardized measures of
neurocognitive/neuropsychological assessment in either
data format (raw scores, group means and standard devi-
ations), scaled scores format (e.g., ranging from 1 to 19),
percentiles that pertain to normative data, score ranges
appropriate to the neurocognitive assessment being used
(e.g., Extremely Low, Low, Borderline, Low Average,
Average, High Average, Superior, Very Superior), or via
the reporting of differences in mean scores between a
group of Behçet’s participants and a control or compari-
son group (, p values of significance)

Studies were excluded if they met any of the following
criteria:

1) The data of the patient(s) with Behçet’s disease could not
be separated from the data of patients with other diseases/
disorders

2) Neurocognitive/neuropsychological assessment measures
were described as having been administered, but the re-
sults were not reported

3) Neurocognitive/neuropsychological assessment measures
were described as having been administered, and were
described in vague or generalized terms that could not
be interpreted in reference to any form of raw scores,
ranges, standard scores or normative data (e.g., “no im-
pairment was found,, or “patient was impaired”).

The PsycINFO, Embase/Medline and PubMed databases
were all searched (April 18th 2017), with the terms Behcet
(Behcet*) combined with cognitive, cognition, neuropsycho-
logical, neuropsychology or neurocognitive. There were no
restrictions on language. All identified studies were indepen-
dently screened by two doctoral level clinical neuropsycholo-
gists. The independent screening ratings were then collated
and revealed a 94.2% inclusion/exclusion agreement rate.
All discrepancies were resolved by discussion between the
two study authors, until mutual agreement was reached. The
relevant data was then extracted from all included studies.
Data was extracted by one study author and the accuracy of
all extracted data was independently cross-checked by the
second author. Risk of bias and quality ratings were indepen-
dently conducted by both authors, across all included papers.
Ratings were then collated and cross-checked with discrepan-
cies resolved via discussion until mutual agreement was
reached.

A risk of bias analysis was undertaken using a modified
framework based on the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins, Altman, & Sterne 2017).
Bias ratings pertaining solely to interventions were removed
from the standard Cochrane framework (i.e. selection bias and
performance bias), with only bias ratings relevant to the
reporting of characterisation studies included (i.e. detection

bias, attrition bias and reporting bias). As an additional quality
measure, raters also indicated whether authors had utilised
appropriate adjustments for multiple statistical comparisons
(i.e. to reduce the Type I error rate). For the case series/
studies two additional quality measures were included; 1) ap-
propriate use of, or reference to, normative data, 2) whether
authors considered participant’s premorbid ability level when
determining the nature/level of impairment. Where the quality
of reporting differed for cases reported within a paper, these
cases were separated so that quality and bias ratings were
provided for each case within the series.

Results

Study Selection

Figure 1 outlines the results from the search, as defined by
aforementioned search criteria. All studies were full text
screened, except in instances where only abstracts were avail-
able (N = 14) and foreign language articles. Of the foreign
language articles, 11 abstracts and five full text articles were
translated. Attempts were made to contact authors to obtain
missing data when cognitive assessments/data were referred
to, but not reported, or when studies did not report all of their
cognitive assessment results. This did not yield any additional
useable data.

A total of 29 studies met the inclusion criteria and were
included in the review with study design breakdowns noted in
Fig. 1. Group comparison studies were comprised of nine
studies which compared BD/NBD to a healthy control group
and three studies comparing BD/NBD participants with mul-
tiple sclerosis (MS). One study was presented as a group com-
parison (NBD vs MS) and as a NBD group categorisation,
across two separate papers (Bingol et al., 2011; Topcular
et al., 2011). As such, results are presented across both the
group comparison and group categorisation sections.
Overall, the included group studies contained a total of 284
BD participants, 157 NBD participants, 297 healthy control
participants and 119 participants with MS. The included case
study/series papers contained a total of 46 cases, 11 with BD
and 35 with NBD.

Group Comparison Studies

Study Characteristics, Quality and Bias Ratings

Demographic features and study details of the 12 included
group comparison studies (reported across 13 papers) are
outlined in Table 1. This geographical distribution roughly
aligns with known high prevalence areas of BD, except for
the lack of studies from eastern Asia. Sample sizes for the
studies were generally small, ranging from 10 to 78. Mean
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ages for all groups hovered around the 30’s and 40’s. Gender
ratios varied across studies and comparison groups, with four
studies reporting significant gender imbalance across compar-
ison groups. The disease duration of the BD/NBD participants
varied between 6.15 and 14.9 years (where reported). Eight
studies reported the medication status of their BD/NBD par-
ticipants. Only one study (Nurova, Kurtuncu, Coban, Birday,
& Eraksoy, 2014) described longitudinal assessment follow-
up post a cognitive rehabilitation program, although not all of
this data was reported. The majority of studies (11) reported
having conducted some form of psychological assessment, in
addition to the neurocognitive assessment. The most com-
monly assessed psychological conditions were depression
and anxiety.

The majority of group comparison studies (10 of 12)
utilised the International Study Group for Behçet’s disease
(1990) criteria, although some variations were accepted in
one study (i.e. Hernandez, 2002 indicated that two of their
participants who did not meet criteria satisfied clinical con-
ventions for diagnosis utilising other diagnostic frameworks;
Mason & Barnes, 1969 and O’Duffy & Goldstien, 1979). The
two remaining studies did not state which diagnostic criteria
they used. Further diagnostic distinction was required for
those studies that included both NBD and BD participants.
In three of the studies. Authors provided information about
their methods accordingly (Cavaco et al., 2009; Dutra et al.,
2013; Sucullu Karadag et al., 2014). In a fourth study, details
about the diagnosis of NBDwas provided but it was unclear if
NBD was explicitly ruled out in the BD participants (Erkol,

Vural, Karantay, & Uluduz, 2009). A further study comparing
BD to HC provided information about how NBD was exclud-
ed in the BD participants (Monastero et al., 2004). NBD di-
agnostic criteria were also provided in the Bingol et al. (2011)
study comparing NBD to MS. In the two remaining studies
that included NBD participants, explicit methodology for di-
agnosing NBD was not reported, however both stated that the
NBD cases all had parenchymal involvement. Six studies ex-
plicitly indicated exclusion criteria for their BD/NBD
participants.

Table 2 displays the risk of bias and quality summary rat-
ings for the group comparison studies. The blinding status of
the neurocognitive assessor was unclear in two-thirds of the
studies. Detection bias for ‘incomplete data reporting’ was
considered low risk in two-thirds of studies, was unclear in a
quarter of studies, and deemed high risk’ in one study. The
majority (11 of 12) studies rated low on criteria for selective
reporting bias. Appropriate adjustments to p values for multi-
ple statistical comparisons had only clearly occurred in a quar-
ter of studies (n = 3). In the remaining studies, six were
deemed unclear as to whether adjustments had been made
and three provided no evidence of appropriate adjustment to
p values. Classifications for ‘other bias ratings’ were high in
eight studies. Identified issues included inaccurate interpreta-
tion of the study results, findings that were reported differently
throughout the manuscript, demographic differences in the
comparison populations, differing group numbers reported
throughout the manuscript, and/or if neurocognitive test ver-
sions were reported incorrectly. Only one paper was rated as

Fig. 1 Flow of papers through
phases of the systematic review
by phase
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having a low risk of bias across all areas assessed, as well as
appropriate adjustment for multiple comparisons, and even
within this paper a typographical error was found within the
results section stating HARS and HDRS results went in the
opposite direction to what reported in the papers tables.

Neurocognitive and Psychological Assessment Data

Table 3 shows the neurocognitive assessment results of the
group comparison studies. There was a high degree of varia-
tion in the size of the cognitive testing batteries applied, from
fairly extensive assessment batteries, examining multiple do-
mains (e.g., Cavaco et al., 2009; Dutra et al., 2013; Gündüz
et al., 2012; Monastero et al., 2004; Sucullu Karadag et al.,
2014) to studies that employed just one neurocognitive assess-
ment measure (e.g.,e.g.,, Erkol et al., 2009). Seventy five per-
cent of articles described the complete set of neurocognitive
results.

Table 4 presents the neurocognitive assessment outcomes
from the comparisons group, significance levels, and effects
sizes. Effects sizes were calculated via the standard Cohen’s d
and Hedges' g calculations (Cohen, 1988; Larrabee, 2014).
Where multiple results were reported for a measure, total or
overarching scale scores were included, rather than individual
sub-test scores. This was to ensure the most robust measures
were represented and to avoid duplication of results. For ex-
ample, if the Memory Quotient (MQ) scores from the
Wechsler Memory Scales (WMS) were available then these
were used instead of individual subtests scores.

There is presently no universally accepted method for
grouping or separating neurocognitive test results by domain
or subdomain. This is evidenced by the differing
neurocognitive domain divisions utilised in recent systematic
reviews examining neurocognitive functioning in particular
disorders (Beeldman et al., 2016; Evans, Iverson, Yatham, &
Lam, 2014; Ganzer, Bröning, Kraft, Sack, & Thomasius,
2016; Goodall et al., 2018). Rather, the grouping of
neurocognitive test results and allocation of specific
neurocognitive tests to specified domains is generally con-
ducted according to established practice and clinical conven-
tion. It has been recently suggested by Jewsbury and col-
leagues, however, that classifying tests based on construct
validity (determined by the large body of psychometric re-
search into intelligence and cognitive ability) may be both
more valid and useful (Jewsbury, Bowden, & Duff, 2017).
They indicated that the Cattell-Horn-Carroll (CHC) model of
cognitive individual difference can be applied to clinical pop-
ulations as the same cognitive constructs are reflected in test
scores in clinical populations as in community and education-
al samples. In line with this research, the neurocognitive test
results were allocated to one of the broad CHC constructs
according to the recently described classification system
(Jewsbury et al., 2017; Jewsbury, Bowden, & Strauss, 2016;T
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Hoelzle, 2008; Jewsbury & Bowden, 2017). In cases where
the neurocognitive test has shown to load onto more than one
factor (e.g., Clock Drawing Test, Logical Memory, Matrix
Reasoning), the construct for which the test has most consis-
tently the strongest loading was chosen. For transparency,
Table 4 provides an overview of the CHC constructs and all
tests subsumed within each construct. None of the included
studies utilised neurocognitive tests that corresponded to the
Gq (Quantitative ability) or Ga (Auditory ability). In keeping
with the factor structure research, ‘executive functioning’
tasks involving switching, inhibition and updating, were not
classified as a separate construct, as there is little evidence to
support this within the CHC model. Rather, updating tasks
were grouped with general memory factors (Glr), and inhibi-
tion and switching tasks were grouped with general speed
(Gs) (Jewsbury et al., 2016). All traditionally classified ‘exec-
utive functioning’ tests have been found to load more strongly
on to other existing CHC constructs, and we have therefore
classified these tasks as such. Tests based solely on subjective
ratings of cognitive functioning (e.g., VAS, FBI) were not
included in this section of the analysis.

Eight studies contributed results to the BD versus HC com-
parison, totalling 258 BD participants and 229 HC participants
(Cavaco et al., 2009; Dutra et al., 2013; Erberk-Ozen et al.,
2006; Erkol et al., 2009; Hernández et al., 2002; Shahram
et al., 2010; Sucullu Karadag et al., 2014; Zayed et al., 2011).
Across all domains, 82% of reported results suggested non-
significant differences between groups. The most significant
group differences (reported in more than 25% of results) were
in the domains of acquired knowledge/crystallised ability,
working memory and visual spatial ability. On measures of
psychological functioning, the four studies that investigated
depression found higher rates of depression in BD compared
with HC (Dutra et al., 2013; Erberk-Ozen et al., 2006;
Monastero et al., 2004; Zayed et al., 2011). Similarly, rates of
anxiety were significantly higher in BD compared to HC par-
ticipants in the three studies that included anxiety measures. A
further study controlled for depression and anxiety in their anal-
ysis of neurocognitive outcomes but did not report on these
measures directly (Shahram et al., 2010).

Four studies compared NBD versus HC groups, totalling
64 NBD participants and 100 HC participants. (Cavaco et al.,
2009; Dutra et al., 2013; Erkol et al., 2009; Sucullu Karadag
et al., 2014). Across all domains, 69% of results indicated
non-significant group differences. The most significant group
differences (>25% of results) were across the domains of ac-
quired knowledge/crystallised ability, processing speed, long
term memory encoding and retrieval, working memory and
visual spatial ability. The one study that assessed psycholog-
ical symptoms found significantly higher rates of both depres-
sion and anxiety in NBD compared to HC (Dutra et al., 2013).

A total of four studies compared NBD with BD participants
(Cavaco et al., 2009; Dutra et al., 2013; Cavaco et al., 2009;T
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Sucullu Karadag et al., 2014); however, direct comparison of
the NBD and BD was only possible in two studies, due to the
study methodologies and statistical comparison analysis ap-
plied (Dutra et al., 2013; Sucullu Karadag et al., 2014). In these
studies, 88% of group comparison results were non-significant.
These non-significant findings were prevalent across all con-
struct domains except for visual-spatial ability where 50% of
results indicated poorer visuo-spatial ability in NBDwhen com-
pared with BD participants. One study reported on psycholog-
ical assessment outcomes, with no significant differences found
between NBD and BD participants on measures of anxiety or
depression (Dutra et al., 2013).

The final group comparisons were between NBD and MS
participants, with three contributing studies containing a total of
93 NBD participants and 119 MS participants (Bingol et al.,
2011; Gündüz et al., 2012; Nurova et al., 2014). Eighty-nine
percent of results across domains were consistent with non-
significant group differences, and the majority of results were
non-significant in all construct domain groups. The construct
with the highest proportion of results with significant differ-
ences (NBD worse than MS) was FW Word fluency (33%).
The one study that reported on psychological assessment results
found no significant group differences in depression and neu-
ropsychiatric symptoms between NBD and MS participants
(Gündüz et al., 2012).

In addition to reporting group average scores, a number of
studies categorised participants according to overall impair-
ment rates or domain specific impairment rates, as compared
to the control group (Cavaco et al., 2009; Dutra et al., 2013;
Monastero et al., 2004). However, the criteria used to deter-
mine what constituted ‘impairment’ was different in each
study. Dutra et al. (2013) placed their cut off at scores less
than the 5th percentile of HC performance. Monastero et al.
(2004) also utilised a 5th percentile cut-off but based this on
performance that was less than the 5th percentile of the ‘nor-
mal population’ with raw scores corrected by age, education
and gender. Cavaco et al. (2009) set the criteria for impairment
as performances that were comparable to the weakest 1 % of
the HC participants. As such, few comparisons could be
drawn from the data presented in this manner.

Group Characterisation Studies

One study provided a characterisation of 40 NBD participants,
reporting group means and standard deviations from a battery
of neurocognitive tests comprised of PASAT, SRT, SPART,
SDMT, and Word List Generation (Topicular, 2011; also
reported in Bingol et al., 2011). Unfortunately, normative data
for these tests were not provided and the degree of attenuation
from normal or Average range functioning on these tasks was
unclear. The authors state that the most commonly affected
neurocognitive functions were sustained attention and informa-
tion processing speed (58% of participants), visual-spatialT
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memory (38%), verbal memory (33%), and executive function-
ing (27%). Rates of impairment on cognitive measures, “2 SD
below 50th percentile in at least two tests” were provided.
Based on this criterion, 31.4% of participants were categorised
as having cognitive impairment. The rates of depression were
reported as 60% based on BDI scores, with levels reported to be
higher in participants with cognitive impairment.

Case Studies/Case Series

Study Characteristics, Quality and Bias Ratings

Details of the 17 included case study/series (reported across
18 papers) are shown in Table 5, including study details, de-
mographics, and disease characteristics of the 46 participants.
The majority of cases (34/46) were classified as having NBD.
Information about the diagnostic criteria was only reported in
four of the papers, however a further six papers provided
information about the clinical symptoms and investigations
that were used to make the diagnosis (Yamada,
Kashiwamura, Nakamura, Ota, & Nakamura, 1978; Arai
et al., 1994; Kawanishi et al., 1995; Soyka, 1987; Feng,
Kuo, Chen, & Yeh, 2014; Fisher et al., 2016). The age of
participants in the reports spanned 20 to 67 years and the
majority of reported cases were male (M 34:12 F). Disease
duration, or time since symptom onset, was not always report-
ed, yet where available, this ranged from <1 to 21 years. Most
papers provided information about the medication status of
the participants. A range of medications were listed, with
prednisolone the most commonly reported. The majority of
reports described clinical follow-up over several years, with
eight providing neurocognitive data from review assessments
with participants at a later time point (often after medication
treatment). Only three cases reported on psychological assess-
ment in addition to neurocognitive assessment, and only two
of those used standardised assessment measures.

The results of the bias and quality ratings are shown in
Table 6. Based on these ratings, the majority of studies had
problems with bias and quality. Information about blinding of
cognitive assessors was not provided in the majority of stud-
ies. One study was rated as high for incomplete data reporting,
while in a further eight this was unclear. Seven studies were
rated as high for selective reporting bias, while a further five
where rated as unclear. Almost all studies were rated as high
for other forms of bias, and explanations for these ratings have
been provided in the comments section in the table. This in-
cluded unclear reporting of results, qualitative descriptions of
the participants’ mood without formal assessment, and a fail-
ure to address potential practice effects when reassessment
was conducted over short time intervals. Appropriate use of,
or reference to, normative data for the comparison of test
results could not be found in four studies. Similarly,T
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participants premorbid level of functioning was not assessed
or considered during interpretation in the majority of studies.

Neurocognitive Assessment Data

Table 7 provides a summary of the neurocognitive assess-
ment results from the studies as well as the major findings
reported by study authors. For papers reporting on more
than one set of neurocognitive data for participants (i.e.,
those who conducted reviews over time), only the first set
of reported data (i.e., assessment Time 1) was included in
Table 7. The studies varied in the size and nature of the
neurocognitive assessment measures applied. In three stud-
ies, just one basic measure or cognitive screening assess-
ment result was provided, in seven papers only IQ assess-
ment measure results were reported, while in four papers
larger-scale neurocognitive batteries assessing multiple do-
mains were reported.

When reported, all MMSE results were considered to be
abnormal, impaired or below premorbid functioning on ini-
tial testing (seven assessment results). This contrasted with
the HDS-R results (a similar measure to the MMSE) where
five out of six participants were considered to have scored in
the ‘normal’ range. The CASI, a cross-cultural dementia
assessment tool, was utilised in one case study paper and
was considered to indicate impaired functioning. Where IQ
measures were reported the findings varied. In four single
case papers, all reported IQ measures (total, index, scale or
selected subtest scores) were considered to be abnormal,
impaired or below premorbid functioning. In two single
case papers the full-scale/total IQ measure was considered
to be normal, unimpaired or consistent with premorbid
functioning. In two single case papers, split index scales
were reported with the Verbal IQ reported to be normal,
unimpaired or consistent with premorbid functioning, and
the Performance IQ considered abnormal, impaired or be-
low premorbid functioning. While in the remaining six case
series paper, half of the participants exhibited total IQ scores
in the Average range of functioning, and half exhibited
scores below the Average range. This ratio was also ob-
served for both the Verbal and Non-verbal index scales in
this paper (Hirohata, Suda, & Hashimoto, 1998; Suda,
1999). In the studies with broader testing batteries,
neurocognitive functioning on assessment measures
pertaining to memory functioning were most the frequently
considered abnormal, impaired or below premorbid func-
tioning. This was followed by measures of attention and
“frontal” (executive) functioning and verbal fluency.
Overall, of the cases with clearly documented formal
neurocognitive test results, all participants except one
(Bussone, La Mantia, Boiardi, & Giovannini, 1982) were
described as have some degree of attenuated neurocognitive
functioning.

Discussion

To our knowledge, this is the first attempt to systematically
review the literature on neurocognitive functioning in BD and
NBD. The review indicates that the majority of research in this
area has examined neurocognitive outcomes through group
comparisons (BD, NBD, MS and HC) and case study/series
papers, with few group characterisation studies. The review
highlights concerns about the methodology and quality of
reporting in the published studies. Due to these limitations,
drawing clear conclusions about neurocognitive functioning
in BD and NBDwas difficult, based on the currently available
evidence, and prevented further synthesis of the data.

Results from group comparison studies suggest that
neurocognitive changes in BD/NBD may be on a continuum,
e.g., HC > BD > NBD. Neurocognitive attenuation in BD
compared to HC is less robust, and not as frequently observed,
compared to neurocognitive attenuation in NBD compared to
HC. In both patient groups (BD and NBD), neurocognitive
deficits, when observed, were more common in the domains
of Gv Visual-spatial ability, Gsm Working Memory and Gc
Acquired knowledge/crystallised ability, while additional def-
icits in Gs Processing Speed and Glr Long-term Memory
Encoding and Retrieval where also observed in the NBD
group. Our decision to use a theory-driven model to allocate
neurological test results to specified domains (CHC model
applied to clinical populations as per Jewsbury and col-
leagues) may impact on the comparability of the results to
others in the field, particularly due to the subsuming of ‘exec-
utive’ test results into other domain constructs. However, it is
noted that even when an executive functioning category or
categories are demarcated, there is no clear consensus on
which neurocognitive skills or tests fall under this sphere,
and thus issues of comparability are a problem across the field
and are not isolated to this review (Banich, 2009; Jewsbury
et al., 2016; Goodall et al., 2018).

The available evidence suggests that the neurocognitive
profiles of NBD and MS patients are largely comparable.
Word fluency was the only cognitive construct where more
than 25% of results suggested NBD performed significantly
more poorly than MS. Both MS and NBD are disorders asso-
ciated with multiple cerebral lesions that over time may de-
velop, resolve, or change in size, and often occur in similar
brain regions (Fisher et al., 2016; Gündüz et al., 2012; Koçer
et al., 1999; Polman et al., 2012; Siva & Saip, 2009). While
the underlying pathological causes of the lesions may be dif-
ferent, the similarity of the lesion locations may contribute to a
similar profile of neurocognitive deficits being observed.

A large number of case studies/series explored
neurocognitive functioning in the NBD patients, with fewer
published case studies in BD. Like their group comparison
counterparts, the literature in this area is impacted by a number
of problems with study quality and reporting. Of most concern
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is the high number of case studies/series papers that failed to
adequately document which criteria were used to diagnose BD
and NBD in their patients. In addition, few studies provided
information regarding whether the neurocognitive assessor
was aware of the diagnostic status of the patient. However, it
is important to note that blinding to patient diagnosis is less
common, and often not possible, in clinical settings. The ma-
jority of reported case studies did not assess for, or take into
account, an estimate of the patient’s premorbid level of func-
tioning. This increases the likelihood of the over diagnosis of
deficits, as scores falling below the Average range of function-
ing are likely considered as evidence of attenuated cognitive
functioning, when, in fact, they may be consistent with the
patient’s ‘premorbid’ ability level.

In the vast majority of reported BD and NBD case studies
some degree of attenuated neurocognitive functioning was de-
scribed by the study authors. This may reflect the tendency of
clinicians and study groups to submit cases for publication that
are judged to be clinically interesting or noteworthy, rather than
cases they see that are less interesting and more reflective of
‘normal’ functioning. However, it may also indicate that when
patients are referred for neurocognitive assessment it is because
there are clear functional concerns about their cognition, which
are then confirmed through formal testing procedures. As a
group, the case studies/series indicate that performance on in-
tellectual testing measures may be reduced from the average
range of functioning in some patients with BD and NBD.
Attenuated functioning in specific neurocognitive domains
has been most commonly observed in NBD case studies in
the areas of memory, attention, verbal fluency and “frontal”
or what is commonly referred to as executive functioning.
Overall, this appears to parallel the results of the group com-
parison studies, as the majority of memory tasks are subsumed
under Glr Long-termmemory encoding and retrieval construct,
attention under Gsm Working memory, and most executive
functioning tasks into the Gs Processing Speed (switching
and inhibition tasks) or Glr Long-term memory encoding and
retrieval (updating) constructs.

There are likely to be multi-factorial causes of attenuated
neurocognitive functioning in BD and NBD.The available
evidence indicates that both BD and NBD sufferers exhibit
higher rates of depression and anxiety than HC participants
and that rates of depression and anxiety in BD and NBD
sufferers are similar, with these psychological disorders
known to impact on neurocognition (Allott, Fisher,
Amminger, Goodall & Hetrick, 2016; Rock, Roiser, Riedel,
& Blackwell, 2014; Castaneda, Tuulio-Henriksson,
Marttunen, Suvisaari, & Lönnqvist, 2008). Both BD and
NBD patients are also treated with medication, including cor-
ticosteroids, that may impact on neurocognitive functioning
(Lupien, Gillin, & Hauger, 1999; Brown & Chandler, 2001)
and may also increase the rates of psychological disorders
(Patten, 2000). Cogently, the existence of cerebral lesions in

NBD forms a plausible reason why neurocognitive dysfunc-
tion may be present in this patient group. This may also be the
reason why neurocognitive attenuation is found at a higher
prevalence in studies comparing NBD cohorts to controls,
than studies of BD cohorts and controls. However, it is impor-
tant to note that not all studies with BD groups included in this
review outlined whether/how NBD was excluded in their BD
cohort. Thus, the possibility cannot be ruled out that a propor-
tion of BD participants in these studies have undiagnosed
neurological manifestations, sometimes referred to as ‘silent’
NBD.”

Further research into neurocognitive functioning in BD and
NBD is recommended and the field would benefit from sev-
eral larger sample studies with broad neurocognitive test bat-
teries that are well designed, comparing functioning in BD
and NBD to HC cohorts. Several independently conducted
multi-centre studies, using similar (or identical) large testing
batteries based on theory driven models of cognitive function-
ing, such as the CHC model, would strengthen the literature
base and allow for more statistically accurate synthesis of the
literature via methods such as meta-analysis. Efforts should be
taken to minimise the key areas of bias identified in this re-
view, fully report all results, and use neuropsychological mea-
sures that appropriately translate across language and cultural
differences. Longitudinal larger sample group cohort studies
would also provide information about the impact of BD/NBD
on neurocognitive functioning over time, as presently infor-
mation regarding the longitudinal neurocognitive impact of
the disorder is provided only in the case study/series literature.
Measurement and analysis of co-varying factors, such as psy-
chological functioning and medication status (particularly cor-
ticosteroids) on cognition in BD and NBD would also be
useful.
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